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- Leslie Bliss Tollaksen, Seattle, Wash.

Application August 28, 1939, Serial No. 292,208

3 Claims.

(CL 250—36)

(Granted under the act of March 3, 1883, as - - .
amended April 30, 1928; 370.0. G. 757) . e -

“The invention described herein may be manu-
factured and used by or for the Government of
the United States for governmental purposes
without the payment to me of any royalty there-
on in accordance with the provisions of the Act

* of April 30, 1928 (ch. 460, 45 Stat. L. 467).

This invention relates to oscillation generators
and more particularly to a continuously variable
crystal stabilized oscillator in which the stability

10' characteristics of a quartz crystal controlled os-

' cillation generator are combined with the con-
trollable variability of frequency characteristics
of a vacuum -tube oscillation -generator in such
a manner as to obtain a useful output which has
both these characteristics over an extremely wide
range of frequency.

The easiest and most. common method of ob-
taining an extremely stable frequency is by the
use of a quartz crystal controlled oscillation gen-
erator. To make any appreciable change in fre-
quency of the crystal oscillation generator, how-
ever, requires the change of the crystal and so,
to obtain a continuous variable oscillation gen-
erator from such a device alone would require &
vast number of crystals. Quartz crystal oscilla-
tion generators find their best application at the
higher frequencies while vacuum tube oscillators
find their best application at the lower frequen-
cies.

The present invention is concerned with an
arrangement which furnishes a useful frequency
which is adapted to be varied quite readily over
a wide range of frequencies and yet.is extremely
stable.

It has heretofore been proposed to combine a
high frequency quartz crystal oscillation genera-
tor with a low frequency vacuum tube variable
frequency oscillation generator, in a balanced
modulator, and by the use of -some suitable fil-
ters select one side band for use. It was found,
however, that this side band could only be used
for a variation in. frequency of about 5%, for
any greater variation would reduce the stabiliz-
.. ing influence of the quartz crystal to such an
43 extent that a vacuum tube oscillation generator

could be easily built with this reduced stability
and with a much wider frequency range.
If, however, the above mentioned side band be

_ used within this restricted range to control the
50 harmonic output of some such oscillation gen-

erator as what is commonly termed a “multi-

vibrator” by virtue of the latter’s characteristic
behavior of synchronizing or locking in step
with 'a.suitable. voltage: and frequency injected
i at one of the multizvibrabtor harmonics, then one
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has available a very large number of frequenc1es
evenly spaced throughout the frequency: spec-
trum and all capable of being varled 51multa,ne-
ously in frequency about 5%.

The spacing determined by the fundamental &

of the multi-vibrator can be adjusted so that it
is equal to the smallest variation in frequency
to be used and thus a continuous coverage “is
obtainable. One or more -suitable harmonic se-

lector amplifiers can be used then to silence the |

particular multi-vibrator harmonic, or harmon-
ics, in order to obtain the: deSIred output fre-
quency.

By suitably choosmg the various elements al-
most any desired frequency range and  sta-
bility may be obtained with the above de-
scribed arrangement wherein the present inven-
tion is described generally. -

One specific. embodiment of the basic idea of
the present invention is shown schematmally in
the accompanying drawmg

In the drawing, | is a quartz crystal oscﬂla-
tor.” 'A more or less conventional oscillator cir-
cuit has been shown, but it is to be understood
that any desired oscillator of high stability may
be used in lieu thereof.

For the purpose of this description it may. be
agsumed, for example, that the oscillator ! gen-
erates a Irequency of 1070 ke. and has a stabiilty
of 0.014% over any ambient temperature condx-
tions between —30° C. and +60° C

2 represents any type of Vacuum tube oscil-
lation generator whose frequency may be varied
at will, and for purposes of illustration is herein
shown as: being of the electron. coupled vacuum
tube oscillator type with a frequency range, for
example, of 20 ke. to 70 ke. It is to be under-
stood, however, that an oscillation generator of
the type disclosed in the article by J. B. Dow in
the Proceedings of Radio Enginesrs, vol, 19, p.
2095 (Dec. 1931), or any other type of reasonably
stable adjustable frequency - oscillator may be
used.  The oscillations from oscillation genera-
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tors | and 2 are fed to the input circuits of the . .

balanced modulator 3 which may be any type of
balanced modulator or “mixer” and is herein il-
lustrated as a copper oxide type. The oscilla-
tions from oscillation generators |-and 2 are.com-
bined in the balanced modulator 8 to produce
the fundamental carrier and two side bands in
the usual manner. The output of the balanced
modulator 3 is coupled to the input of the filter
amplifier 4 which as shown in the drawing cons
sist..of ‘two triode : stages-of ;amphﬁcation ‘edch
stage jof which<is ‘netitralized: ' Obviouisly;s How=
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ever, instead of triodes, tetrodes, or pentodes may
be used and the neutralization dispensed with.

In the tuned circuits of the filter amplifier 4
the carrier and the upper side band is discrimi-

. nated against and the lower side band is selected

and amplified after which it is passed to the mul-
ti-vibrator oscillator circuit 5. With: the high
frequency .oscillator 1 generating a frequency of
1070 ke., and with the lower frequency oscilla-

tion generator 2 adjusted for the generation of - -
20 ke. the side band energy taken from the bal-'

anced modulator 3 would be at 1050 kc. and
1090 kec., respectively. Assuming the stability of

the low frequency oscillator 2 to be of the order..

of 0.1% and with the stability of the crystal os-
cillator | to be of the order of 0.014%, the sta-
bility of the lower side band, for instance, Would
be

1070
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which is a stability very closely approximating
that of the crystal itseif, and it would be even
better if the low frequency variable oscillation
generator were at the other extreme such as 70
ke. Up to this point in the circuit, however, there
is available about a 5% variation in frequency,
for if the frequency range of the variable fre-
quency oscillation generator is increased very
much with respect to the frequency of the quartz
crystal oscillation generator the resulting stabil-
ity will decrease rapidly.

To overcome this difficulty and provide sta-
bility, after the filter amplifiers 4 has suppressed
the upper side band, for example, and the funda-
mental carrier remnants, the lower side band is
fed intc some oscillator which is rich in har-
monics such, for example, as the one illustrated
at 5 which ‘is commonly called a multi-vibrator
oscillator. 'To carry out the example, assume that
the fundamental frequency of this multi-vibrator
oscillator is 1090 ke. and all harmonics are present,
although this latter condition is not necessary.
The lower side band previously mentioned is in-
jected and synchrouizes or locks in step with the
tenth harmonic of the multi-vibrator oscillator
and the two frequencies stay locked in step as
the lower side band is varied between 0% and
5% by a suitable adjustment of the frequency
controls of the low frequency variable oscillation
generator 2. In like manner the fundamental
and all harmonics of the multi-vibrator oscillator
5 change in frequency and the same percentages
are rigidly coatrolled by the injected lower side

the frequency adjustments of the low freguency
variable oscillation generator 2.

One or more of these harmonics of the multi-
vibrator oscillator % thus controlled may be se-
lected out from the rest and amplified by the
harmonic selector amplifier illustrated at 6 in
the drawing.  Any type-of a controllable multi-
vibrator oscillator that is rich in harmonics may

be used in lieu of the circuit shown at 5 as, for

instance, those mentioned in the article by J. K.
Clapp, entitled Universal frequency standardiza-
tion from a single frequency standard, published
in J. 0. 8. A. & R. S. L,vol. 15, July 1927, or the
article by H. Abraham and E, Bloch, Mesure en
Valeur Absolue des pericdes des Oscillations Elec-
trigues: de Haute frequence appearing in Ann. de
physique, 12, p. 237; 1919:

- Also, any. type of -harmonic selector amphﬁer

may: b.ei used .which has good selectivity in lieu

vibrator for that purpose.

of the one illustrated at 6 comprising screen grid
tubes and high Q resonant circuits.
Because a 5% variation in frequency is equal

~ to the 100 kc. separation in harmonics in the ex-

ample given at about 2000 kc. the lower frequency

~1imit of the example would be stated as 2000 kc.

Other ranges can be set at will by using other
values than. those stated in the example.

In certain installations where it is desired to
derive more than one frequency from those pres-
ent in the output harmonics of the multi-vi-

" brator oscillator 5 -other harmonic selectors such

as T may ‘be coupled to the cutput of the multi-
After selection and
amplification of the desired harmonic in the har-
monic selector amplifier 6 the selected frequency
is transferred to the output circuit. 8 of any of
the harmonic selector amplifiers. The output
frequency present at 8 is then essentially as stable

’ “as the frequency generated by the quartz crystal

oscillation: generator, and this frequency can be
made continuously variable over as wide a range
as desired while still retammg high inherent sta-
hility. .

‘While I have disclosed a preferred embodiment
of my invention in detail, it will be apparent that
various changes might be made within the con-
templated scope of my invention, and I, there-
fore, do not desire to be limited to the specific

details described, except insofar as is necessitat- ?

ed by the prior art and by the appended claims.

What I claim is:

1. An apparatus for generating substantially
constant frequency oscillations at any desired
frequency within a wide band comprising in com-
bination a relatively high frequency mechanical-
1y controlled oscillator having a high degree of
frequency stability, a second oscillator for gen-
erating a relatively low frequency compared to

the frequency generated by said mechanically *

controlled oscillator, means for inter-modulating
the oscillations from said oscillators, means for
selecting an inter-modulation product, a multi-
vibrator oscillator for producing oscillations hav-
ing a great number of harmonically related com-
ponents, means. for impressing said selected in-
ter-modulation product on said multi-vibrator os-
cillator for controlling the frequency of its har-
monically related componenis whereby the fre-

quency components derived from the output of ®

said multi-vibrator vary in frequency in accord-
ance with the frequency variation of the inter-
modulation product impressed thereon, means
for varying the frequency of said low frequency
oscillator sufficiently to vary the output frequency
components of said multi-vibrator osciliator from
one value to ancther value such that the fre-
quency of a selected harmonic at one setting of
said low frequency oscillator is equal to the fre-

quency of an adjacent harmonic at another set- %

ting in at least a portion of the freguency spec-
trum of the multi-vibrator oscillator, whereby any
desired frequency. of oscillation within g wide
band may be obtained by appropriate variation of

the frequency of said low frequency oscillator and °

the selection of a2 concomitantly varied appropri-
ate harmonic of said multi-vibrator, providing a
variable frequency of oscillation having the fre-
quency stability of the order of a mechanically
controlled oscillator.

2. A system in accordance with claim 1 in
which the mechanically controlled oscillator is of
the piezo electric crystal control type and the
second oscillator is of the continuously variable
frequency. electron coupled type. :
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3. The method of utilizing a piezo electric crys-
tal having certain inherent frequency character-
istics to control the frequency stability of a con-
tinuously variable oscillation generator which
comprises generating a frequency dependent sole-
Iy upon the characteristics of said crystal, gen-
erating a second frequency not dependent upon
the characteristics of said crystal and inter-mod-
ulating said two frequencies, selecting the lower
side band of said inter-modulated frequencies and
suppressing the upper side bands and funda-
mental, generating a plurality of frequencies har-
monically related to a frequency of the selected
side band controlling the frequency of said plu-
rality of harmonically related frequencies in ac-
cordance with the inter-modulation product of
said first two frequencies, varying the value of

3

said second frequency sufficiently to cause a fre-
quency shift of the frequencies harmonically re-
lated by an appreciable percentage such that the
frequency of a selected harmonic at one setting
of said variable oscillation generator is equal to
the frequency of an adjacent harmonic at another
setting and selecting from said plurality of har-
monically related frequencies a frequency having
a predetermined desired relationship to the side
band selected whereby any desired frequency of
oscillation having the frequency stahility of the
order of said piezo-electric crystal may be ob-
tained by appropriate variation in the value of
the second frequency and an appropriate selec-
tion of a harmonic from said plurality of har-
monically related frequencies.
LESLIE BLISS TOLLAKSEN.
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